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Abstract The Aegean Sea is one of the marine areas of our planet that has
maintained its mystique throughout time. One of the species contributing to this
mystique is the Mediterranean monk seal (Monachus monachus). The species has
inhabited the waters of the Aegean since classical times, a fact that was well-known
to ancient Greeks. Unfortunately, gradual, yet dramatic changes in human attitudes
toward nature, technological developments, and an ever-increasing human popula-
tion in need of resources, led to the demise of the Mediterranean monk seal and its
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disappearance from large parts of its historical range. Today the species is considered
to be “Endangered,” numbering fewer than 800 individuals worldwide, while the
Aegean Sea is one of its last strongholds, hosting a number of pupping sites that are
important for the survival of the species. The recent evolutionary and demographic
history of the species has been crucial in shaping the social life of the Mediterranean
monk seal in the Aegean Sea: the species survives in small colonies, rarely number-
ing more than a couple of dozen individuals. Ongoing (genetic) monitoring indicates
that monk seals currently roam widely throughout the Aegean Sea and beyond. The
future of the Mediterranean monk seal in the Aegean Sea is still threatened by
deliberate killing, accidental entanglement and habitat loss and fragmentation.
Conservation priorities for the species in the Aegean Sea include the continued
operation of Rescue and Information Networks in Greece and Turkey, effectively
mitigating monk seal—fishery interactions and protecting critical pupping habitat.

Keywords Aegean Sea, Conservation priorities, Endangered species, Greece,
Marine mammal, Mediterranean monk seal

1 Introduction

The Aegean Sea is one of the marine areas of our planet that has maintained its
mystique throughout time. It is not only its natural beauty and its age-old history, but
also the wondrous ways in which nature, myths, and legends continue to entwine
harmonically and enchant humanity in the twenty-first century. And how could this
be any different as, even today, it is still possible to hear the Sirens of Homer’s epic
poems while navigating the coastline of the Aegean on a quiet autumn night!
According to Homer, the ancient Greek poet, the Sirens were the wicked women
who lured sailors to their death with their hauntingly beautiful song. For today’s
unsuspecting listener it is an outlandishly-eerie sound emitted by some unknown
creature of the sea. In reality, it is one of our planet’s rarest marine mammals, a
Mediterranean monk seal, or more specifically, an adult female calling her pup.
Mother-pup calls in Pinnipeds seem to play an important role during the lactation
period. It has been suggested that the identification of pups by their mothers is
achieved by a combination of vocalizations, as well as olfactory and visual cues.
Mediterranean monk seals seem not to be an exception to this rule. Field observa-
tions from different parts of the Aegean Sea clearly show that newborn pups and
female Mediterranean monk seals frequently produce audible, air-borne sounds
while communicating; these vocalizations are most frequent during the first
2–3 weeks after birth. Could this unearthly sound be what inspired the creation of
the myth of the Sirens? This is actually not known, but is highly probable. What is
known with certainty is that the Mediterranean monk seal has inhabited the waters of
the Aegean since classical times, a fact well-known to ancient Greeks. After all, it is
here that we have the first scientific description of this iconic species of the
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Mediterranean Sea. In his fourth century B.C. seminal work, the “History of
Animals,” Aristotle, the ancient Greek philosopher, penned the first known descrip-
tion of a Pinniped in history. Aristotle described the only Pinniped inhabiting the
Mediterranean Sea, the Mediterranean monk seal, which he encountered along the
coasts of the Aegean Sea in Greece. Among other facts, Aristotle wrote: “The seal. . .
does not take water in but breathes and sleeps and gives birth on land, albeit near
the beach, as if it belongs to the animals living on land. On the other hand, it spends
most of its life in the water and gets its food from the water, therefore we should
examine it along with the marine animals.”

2 Mediterranean Monk Seal, a Brief Species Profile

2.1 Classification

The Mediterranean monk seal (Monachus monachus) is a member of the Phocidae
(i.e., true seals). It is the sole representative of the genusMonachus [1]. It is the rarest
extant member of the Phocidae family and one of the rarest marine mammals in the
world, with a current global population estimate of no more than 800 individuals.
Until recently the Mediterranean monk seal was classified as “Critically Endan-
gered” by the International Union for the Conservation of Nature [2]. The
re-evaluation however of the conservation status of the species in 2015 showed an
improvement in its overall status, which has therefore been down-listed to “Endan-
gered” [3]. Mediterranean monk seals are strictly protected by the Council of
European Communities Directive 92/43/EEC, the Bonn, Bern, CITES, Barcelona
and Rio Conventions. Its closest extant relative is the Hawaiian monk seal
(Neomonachus schauinslandi); the other close relative, the Caribbean monk seal
(Neomonachus tropicalis) is considered to have gone extinct sometime in the 1960s.
The first historical description of the Mediterranean monk seal originates from
Aristotle; in modern times the species was taxonomically described by Johann
Hermann in 1779, who named the Mediterranean monk seal by his perceived visual
resemblance to a hooded capuchin monk [4].

2.2 Distribution: Historical and Modern

Mediterranean monk seals were once widely and continuously distributed in the
Mediterranean and Black Sea, and in north Atlantic waters from Cabo Blanco and
the Canary islands in the South to Morocco, northern Spain, the Azores and the
Madeira archipelago in the North (Fig. 1) [5, 6].

In ancient texts, such as those of Aristotle, Mediterranean monk seals are
described as very curious and friendly with humans, hauling out in big colonies on
open beaches. In ancient Greece monk seals bore an elevated status as protected
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animals of Apollo, being depicted on coins, art and even being buried in graves
alongside humans. No estimates on the population size during that era exist, but it is
likely safe to assume that the species was abundant.

Unfortunately, this was not meant to last for long. Gradual, yet dramatic changes
in human attitudes toward nature, technological developments, and an ever-
increasing human population in need of resources, led to the demise of the Medi-
terranean monk seal and its disappearance from large parts of its historical range.
Today, the geographical range of the species is highly fragmented, with only three,
isolated subpopulations. In the North Atlantic, two subpopulations remain: a large
one at Cabo Blanco (i.e., at the border of Mauritania to Western Sahara [7, 8]) and a
smaller one at the archipelago of Madeira [5]. The Cabo Blanco monk seal subpop-
ulation is estimated to number approximately 330 individuals, while in the archi-
pelago of Madeira fewer than 30 individuals are estimated to still exist [9]. In the
Mediterranean, the main stronghold of the species, monk seals are found mainly in
the eastern part of the Basin, around the islands of the Ionian and the Aegean Seas
and the mainland coast of Greece [10], the western and southern coast of Turkey
[11–14], as well as in Cyprus, where the species has recently re-established itself
[15]. Monk seals in the Black Sea are believed to have gone extinct as recently as
1997 [14, 16], while in the Sea of Marmara some individuals still survive [17]. The
current distribution of the Mediterranean monk seal in Greece, based on data
collected through the Hellenic Rescue and Information Network operated by the
non-governmental organization MOm since 1991 is presented in the map of Fig. 2.
The Mediterranean monk seal subpopulation in the eastern Mediterranean Sea is
currently the largest and is estimated to number approximately 350–450 individuals
[18]. Sporadic sightings of monk seals have been recorded throughout the Eastern
Mediterranean, from areas such as Albania, Croatia, and Italy in the Adriatic Sea and
Libya, Egypt, and Israel in the South [5].

Fig. 1 Historical and modern distribution of the Mediterranean monk seal
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2.3 Biology

The Mediterranean monk seal is considered a medium-sized phocid [19]. In the
Cabo Blanco population, average total lengths of 2.42 and 2.51 m have been
recorded in adult females and males, respectively [20]. Adult body lengths recorded
in Greece stand at 2.39 m for females and 2.43 m for males [MOm, unpublished
data], and show no significant differences between the two sexes [21]. Adult monk
seals weigh approximately 240–300 kg, with anecdotal records of a pregnant female
reaching 302 kg and a male reaching 400 kg [22–24]. Mediterranean monk seals
may live up to 30 years in the wild [21]. The average length of newborn pups is
approximately 1 m [20, 25] and the average weight is 15–26 kg [23, 26]. Like most
marine mammal predators, Mediterranean monk seals are born well developed and
ready to swim [27]. Following a lengthy gestation period of approximately
10 months [28], pups are born toothless, with a soft black to dark chocolate woolly
coat or “lanugo” [25, 29]. The “lanugo” coat is often marked by black spots and
varies in shape, size, and position among individuals and by gender [29]. The
pupping season in the Eastern Mediterranean extends usually from autumn to winter
[11, 25, 26, 30].

Fig. 2 Distribution of Mediterranean monk seal encounters in Greece, collected through the
operation of the Hellenic Monk Seal Rescue and Information Network operated by MOm
since 1991
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Mediterranean monk seal pups are dependent on their mother for up to 5 months
[25, 28, 31], which is significantly longer than in most Pinnipeds [32]. During this
time, pups will nurse from their mother’s fat-rich milk, and develop a layer of
blubber to insulate their body against the cold. Starting at around 3–4 weeks, pups
will progressively shed their neonatal fur and by 8 weeks postpartum on average [25]
molt into their subadult pelage: this is uniformly gray or brown on the dorsal side and
lighter, usually beige or almost white on the dorsal side. Monk seal hair are
approximately 0.5 cm long and are the shortest hair amongst Pinnipeds [33]. At
this stage in life males and females have a very similar external appearance and are
indistinguishable from each other when viewed from a distance. The completion of
the neonatal molt does not signify weaning (i.e., the cessation of nursing), as even
fully molted pups have been observed to suckle [34]. As a pup physically develops
and acquires its full dentition, it will become more independent and, driven by its
instincts, attempt to chase and catch fish on its own. When the time is right, the pup,
now called a weaner, and its mother part ways and its struggle for survival begins.

Significant differences have been recorded in the time of attainment of sexual
maturity between females and males: Females are considered to attain sexual
maturity at approximately 3 years of age. Their general appearance will remain as
it was: brown or gray, with the ventral part of their body showing a lighter
coloration. However, they will start accumulating multiple scars, mainly on their
back, that are sustained during mating [20, 35]. The patterns developed are unique
and can be used to distinguish individuals through photo-identification. Male Med-
iterranean monk seals on the other hand are estimated to mate for the first time after
the age of six. However, prior to this, they undergo a second dramatic molt and
become uniformly black, with a white patch on their ventral side [20, 25]. This white
patch on their belly is unique and has a similar shape as the white patch they had as
newborn pups. The development of this mature pelage pattern is a gradual process
that involves at least two annual molts and can be completed by the age of four
[36]. Often, older males have small areas of lighter coloration on the throat and hind
flippers that are the result of multiple scars from aggressive interactions with other
males for access to females and better territory.

For the remainder of their life, both female and male adult Mediterranean monk
seals undergo an annual molt. This molting occurs over a protracted period,
extending throughout the year [28] and therefore the color of the pelage can vary
significantly. The energetic cost during these molting periods is high and individuals
undergoing the process spend increased times resting. There appears to be no
significant difference in the molting period between monk seal populations in the
Eastern Mediterranean and the Cabo Blanco region. The intermolt period is close to
1 year, except in females nursing a pup. Such females have longer intermolt periods
and may molt while still lactating [28]. The external morphology of Mediterranean
monk seals at different life stages is presented in Fig. 3.
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2.4 Habitat and Ecology

2.4.1 Terrestrial Habitat

The life of the Mediterranean monk seal, much like that of all Pinnipeds is inextri-
cably connected to the land, where pupping occurs. Historically, Mediterranean
monk seals have been described as pupping on open beaches. Nowadays, however,
throughout their range, Mediterranean monk seals almost exclusively use marine
caves that include a dry surface area to give birth and nurse their young. In Cabo
Blanco, seals use less than five big caves for the purpose of breeding; these caves
have large entrances and spacious sandy beaches inside. They constitute the only
surviving example of the large colonies that the species is thought to have formed in
the past and which are commonplace in other Pinnipeds. In contrast, monk seals in
the Eastern Mediterranean are spread out over a much larger area and use a wide

Fig. 3 External morphology of the Mediterranean monk seal at different life stages © MOm
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network of remote marine caves of much smaller size than those at Cabo Blanco. In
Greece alone, a country with an extensive coastline of >16,000 km and 4000
islands, more than 150 reproductive caves have been identified so far, as well as
hundreds of caves suitable for resting. In fact, it is highly probable that the species
owes its continued survival in Greece to this increased availability of remote marine
caves, compared to other Mediterranean countries with less geomorphologically
complex coastlines. A long-term study of the reproductive biology of the Mediter-
ranean monk seal in the National Marine Park of Alonissos, Northern Sporades in
Greece concluded that the sea caves preferred by females for pupping share some
common morphological characteristics [37]. Among the habitat features preferred by
monk seals in the region are the existence of entrances that protect and hide the inner
beach (or beaches) from the outside, a deep and long entrance and/or multiple escape
routes and a soft sandy or pebbly (as opposed to rocky) beach [37]. In the Archi-
pelago of Madeira in the Atlantic, the pupping habitat is very similar to the one in the
Eastern Mediterranean [38], with the main difference being that in Madeira, strong
tides (which are almost absent in the Mediterranean Sea) affect the use of caves by
the seals [39]. The exclusive use of marine caves by females for pupping is
considered to be, at least partially, a consequence of the intense persecution by
humans over the course of history. It is noteworthy that in the very first historical
account of the Mediterranean monk seal in Homer’s Odyssey, the habit of the
species to use marine caves is also mentioned. In Homer’s monumental epic
poem, the sea nymph Eidothea is reported saying that when emerging from the sea
and after entering the “arching caves, (the sea god Proteus) will pass along all the
seals and count them; then, having viewed them and made his reckoning, he will lie
down among them, all like a shepherd among his flock of sheep” (Odyssey,
IV. 398 et seq.). From the limited information available, we may deduce that the
species made use of both, marine caves and open beaches to rest and reproduce in the
past. In this context, the use of inaccessible caves as a reproductive habitat by, at
least a portion of the species, may have always acted as a defense strategy, providing
vulnerable pups with protection against predators, particularly when the mothers
were out at sea feeding. Subsequently, in the species’ evolutionary history, as
persecution by humans intensified, only the harder-to-access Mediterranean monk
seal populations living in caves survived in a form of forced selection by which the
accessible and therefore vulnerable populations using open beaches were killed off,
erasing their genes from the species genetic pool, while the portion of the population
breeding in inaccessible marine caves increasingly became the majority and even-
tually the norm.

Recently, as our collective attitude toward Mediterranean monk seals and nature
in general has changed, in well-protected areas lactating females have been recorded
leading their pups to open beaches and nursing them for hours or even days. In many
areas in Greece, it is not uncommon nowadays to observe lone individuals hauling
out on open beaches. Because of their innate curiosity and ignorance of the risks
involved, young animals are often even observed within human settlements and
ports.
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The current use of marine caves for pupping by the species can be considered
however as the Damocles sword over the future of the species. On the one hand,
marine caves provide security and shelter from human activities, but on the other
hand, they also limit the reproductive potential of the species. As the monk seal
population increases in the Eastern Mediterranean, competition for high-quality
caves by parturient females increases, as suitable marine caves appear to have a
maximum carrying capacity, which depends on the size of the internal beach. This
appears to already have caused monk seals to give birth in less suitable caves, which
not rarely, results in pups being swept away by waves and being separated from their
mothers. It is believed that, following the current trend of an increasing population,
an increased incidence of nursing or even pupping on open beaches can be expected
in the future.

2.4.2 Marine Habitat

The Mediterranean monk seal, much like all Pinnipeds globally, spends most of its
life at sea, the greatest portion of which is spent in search of food. A combination of
stomach content [40–42] and stable isotope analyses data [43] suggest that the
Mediterranean monk seal is a coastal species that forages near the coast and in
depths rarely deeper than 200 m.

The information available indicates that Mediterranean monk seals feed on an
astonishingly large variety of prey including bony fishes, cephalopods, and crusta-
ceans. In Greece, more than 70 prey species have been identified so far through the
analysis of monk seal stomach contents. The common octopus (Octopus vulgaris;
~34%) and bony fishes from the family Sparidae (~28%) account for the majority of
these [42]. In the archipelago of Madeira, visual observations of individuals with
prey at the surface have been used for dietary studies. Prey items there also included
a wide variety of fish, cephalopods and crustaceans [44]. In Cabo Blanco, stomach
content analyses indicated that 71.3% of prey items by weight were cephalopods,
from which 68.3% were octopi. Fish species for the most part belonged to the
families Sparidae, Scianidae, and Haemulidae [45].

Being so elusive, very little is known about the diving behavior of Mediterranean
monk seals, compared to other well-studied Pinnipeds. In Cabo Blanco, the maxi-
mum recorded depth and duration of diving for one lactating female were 78 m and
15 min, respectively [34]; however, diving of monk seals in Cabo Blanco appears to
be limited by the topographic features of the marine environment in this area and
likely does not reflect the maximum diving capacity of the species. In the Eastern
Mediterranean, a region that is characterized by deeper waters and sharp depth
declines close to the coast, monk seals have been recorded to dive much deeper.
Maximum dive depths for a rehabilitated male and a rehabilitated female juvenile
monk seal were 196 and 205 m, respectively [46], [MOm, unpublished data]. The
maximum dive duration and depth for adult animals is likely much higher. Recently,
researchers in Greece have documented monk seals sleeping at sea, not only at the
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water surface, but also at the sea bottom where they, seemingly subconsciously,
emerge at irregular intervals to breathe and descend again [47].

2.5 Social Behavior

The study of monk seal behavior has been a significant challenge for many decades.
Unlike other Pinnipeds that gather in large numbers on open beaches, the monk
seals’ habit of using marine caves has made it hard to study. However, recent
technological advancements, such as the development of autonomous infrared
cameras have allowed us to gain a glimpse into the social life of the Mediterranean
monk seal [27, 48].

A common misconception [49], which likely traces its origin to the species’
scientific name is that Mediterranean monk seals are solitary animals. “Monachus
monachus,” the name given to the species by Johann Hermann was derived from the
Greek word for monk, “Monachos.” However, “Monachos” also means alone or
lonely in Greek. This, in combination with the fact that monk seals are indeed rarely
seen in groups when at sea, creates the illusion that the species is solitary.

As mentioned previously, monk seals have historically been described as living in
large colonies, both in caves and on open beaches, a characteristic they share with
most Pinnipeds. The Cabo Blanco subpopulation, where all monk seals use a small
number of large caves, constitutes the only remaining example of these large
colonies and is evidence that, given the right circumstances, the species still tends
to aggregate in larger numbers.

In the Aegean Sea, this is however not the case yet. The evolutionary history of
the species has played a critical role in this. Their low numbers and the distribution
of the species over a large area, as well as the use of a widely-distributed network of
smaller marine caves with a low carrying capacity, do not facilitate the creation of
large colonies. However, in some of the larger and higher-quality pupping caves,
aggregations of tens of animals may occur, particularly during the pupping season
(Fig. 4). At this time, females will gather in such caves to give birth, while males will
not be far away, in order to gain access to receptive females.

When these aggregations do occur, it is evident that monk seals lead a rich social
life. Indirect evidence suggests a complex social hierarchy, where females that are
higher up on the hierarchy gain access to the higher-quality pupping caves and males
compete with each other for access to receptive females, with stronger males
maintaining a loose harem. Polygyny in monk seals however does not seem to be
as strict as in other species [11]. Violent interactions among competing males often
result in extensive scarring [50, 51] and has been noted to sometimes lead indirectly
to the death of the loser, due to infections or the inability to forage [MOm,
unpublished data]. Younger or weaker males tend to be more solitary, as indirectly
evidenced by their less frequent visits to breeding caves.

Direct evidence collected from rehabilitated animals and through the use of
infrared cameras and acoustic monitoring devices have revealed that monk seals
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also use a wide array of vocalizations to communicate with one another. These
include, but are not limited, to barks, chirps, screams, and squawks [52, 53]. In
recent years, as the Mediterranean monk seal population in Greece increases,
animals are more frequently seen in pairs or, occasionally, even greater numbers
at sea.

3 Threats

3.1 Fisheries-Related Threats

The behavioral plasticity and ingenuity of the Mediterranean monk seal has allowed
it to find creative solutions in its search for food. The main strategy employed by the
species to improve its foraging success is interacting with human fisheries. Monk
seals have learned to take advantage of humans, by approaching fishing vessels and
nets to steal from them, what is essentially a “free meal.” Coastal fisheries provide a
steady source of food for monk seals. This inevitably leads to the two major threats
associated with monk seals and fisheries interactions: Deliberate killing and acci-
dental entanglement of Mediterranean monk seals in fishing gear.

Fig. 4 A group of monk seals captured by an automatic monitoring camera, resting in a marine
cave, the Aegean Sea, Greece. © MOm 2020
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3.1.1 Deliberate Killing

The Mediterranean monk seal bears the blame for monetary losses associated with
the interactions of the species with coastal fisheries. Indeed, research in Greece has
shown that a significant percentage of the total income of coastal fishers can be lost,
both, due to direct losses of catch removed by seals and, to a greater extent, due to
the destruction of fishing gear that need to be repaired or replaced [54]. Overfishing
has exacerbated the issue and in many cases, the monk seal is perceived as a
competitor and used as a scapegoat for the loss of income resulting from the general
lack of resources caused by overfishing. Deliberate killing because of this competi-
tion appears to have been the major factor in the species’massive decline, even until
the end of the twentieth century, which led to the disappearance of the species from
the biggest part of the coasts of the Mediterranean. Today, deliberate killing remains
an important mortality factor, especially for adult individuals [MOm, unpublished
data].

3.1.2 Accidental Entanglement

Accidental entanglement in fishing gear (Fig. 5) has played an important role in
defining the species’ population trajectory in the past [55]. Today it continues to be a
major threat to the species in the eastern Mediterranean. The aforementioned inter-
actions with fisheries may provide a “convenient” foraging technique, but this comes
with an associated risk. Young and inexperienced individuals in particular [14, 56,
57], may become accidentally entangled, usually in static gear used by coastal
fishers, and drown. Accidental drowning still accounts for a significant portion of

Fig. 5 Monk seal drowned after being entangled in a net, Greece. © A.A. Karamanlidis/MOm
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the deaths recorded in subadult Mediterranean monk seals [MOm, unpublished
data].

3.1.3 Overfishing

Overexploitation of fish stocks may pose a significant threat to the survival of the
Mediterranean monk seal. In the Mediterranean, the largest portion of fisheries
resources have already been exploited to an unsustainable degree and continue to
decrease in biomass. In the Eastern Mediterranean, over 95% of fishing is carried out
by small-scale fisheries, a large portion of which is comprised of coastal fishing,
which share the same resources as the Mediterranean monk seal. In Greece, the
severe overexploitation of marine resources [58] may potentially lead to sharp
declines in the populations of the monk seals’ target prey species, such as the
common octopus (Octopus vulgaris) and thus, to a reduced food supply. This food
scarcity can in turn negatively affect the species [41, 59] by reducing reproduction
rates, lowering pup and juvenile survival rates and ultimately, compromising the
viability of the entire population. The diverse diet of the Mediterranean monk seal
and its ability to develop new feeding techniques seem to have played a role in
preventing the species from being severely affected by food scarcity in the past.

3.2 Pupping Habitat Degradation

Marine caves are a habitat of critical importance for the Mediterranean monk seal.
Having already been forced out of open beaches, these precious marine caves are
now the final bastion for the species as the only remaining places to give birth and
nurse their young. Experts believe that the necessity of using marine caves has
already negatively affected the species [5] by affecting its social and reproductive
behavior [11, 60], while some believe that the further recovery of the species will
require, an at least, partial return to using open beaches for pupping [24]. The
continued degradation of and human intrusion in this already scarce and vulnerable
habitat is a factor negatively affecting the recovery of the species.

The following are considered nowadays the main factors affecting in general
pupping habitat quality:

3.2.1 Tourism

Tourism is a massive industry in Greece, attracting millions of tourists annually.
Tourism in Greece tends to concentrate along the mainland coasts and the islands. A
multitude of recreational marine activities such as snorkeling, scuba diving, yacht-
ing, and kayaking are growing in popularity. In conjunction with a growing love of
nature and interest in animals by the general public, encroachment on marine caves
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by such touristic activities is of increasing concern. It has been noted that certain
pupping caves in the Aegean Sea in Greece are less frequently-used nowadays by
monk seals, particularly during the summer season, due to such activities [MOm,
unpublished data]. This disturbance seems to be extending to marine areas regularly
used for foraging or resting by the species, such as the Lichadonisia islets in
Northern Evia, where monk seal watching has become a new form of recreation
and is affecting the local monk seal population [61].

3.2.2 Coastal Development

Unsustainable coastal development to accommodate tourism, as well as rampant
coastal urbanization are affecting the terrestrial habitat of the Mediterranean monk
seal. As with the recreational activities described previously, coastal development
can encroach on the precious habitat of the Mediterranean monk seal and result in the
loss of suitable habitat.

3.2.3 Pollution

Pollution is considered a potentially serious threat to the survival of the Mediterra-
nean monk seal [24, 62]. The combined effects of chemical, organic, and plastic
pollution are particularly intense in the Mediterranean Sea, which boasts the highest
concentrations of plastic pollution globally [63]. Pollution in the Mediterranean Sea
is evidenced also in the high concentrations of pollutants in the tissues of marine
mammals, including the monk seal [64]. Pollution can affect seals directly by
decreasing reproductive success and suppressing the immune system [32], but also
indirectly by affecting their habitat: marine caves have been witnessed to accumulate
macro plastics, which reduce the surface area available for seals to haul out. Marine
pollution may negatively affect food chains and cause increased food scarcity, while
oil spills, particularly in the proximity to important pupping areas of the species are a
constant threat.

3.3 Stochastic Natural Events

Stochastic natural events have severely affected the species in the recent past. In
1997 a red tide, in combination with a morbilli-virus outbreak caused in Cabo
Blanco a mass die-off that affected two-thirds of the local monk seal population.
In regard to the latter causative agent, genetic analyses revealed similarities between
the virus isolated in monk seals and those previously found in cetaceans, indicating a
common origin and a potential for the transfer of such viruses between these
taxonomic groups [65–67]. Even though the Cabo Blanco population has recovered
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since then, such events could cause disproportionate damage to the species, espe-
cially considering its low numbers and fragmented distribution.

3.4 Climate Change

Climate change is predicted to have severe negative effects throughout the marine
environment. For the monk seal specifically, its potential effects, such as a rise in sea
level or the increasing occurrence of intense weather phenomena are predicted to
further compromise the terrestrial habitat used by the species and to reduce its
availability.

4 The Importance of the Aegean Sea for the Survival
of the Species

Over the years, systematic monitoring of the Mediterranean monk seal has
highlighted the Aegean Sea as the core area of the eastern Mediterranean seal
population. The Aegean Sea hosts a number of well-studied, important pupping
areas and is therefore of great importance to the survival of the species. Over
the years, systematic monitoring efforts of the species in Greece have focused at
the islands of Karpathos, Saria, and Astakida, the islands of Kimolos and Polyaigos,
the island of Gyaros, the island of Evia, and the island complex of the Northern
Sporades (Fig. 6). This latter area has been identified as one of the most important for
the species in Greece and has been systematically monitored for more than 25 years;
more than 60 adult individuals have been identified in the Northern Sporades
[25]. Similarly, studies along the Turkish Aegean coasts indicate that the presence
of the species there is widespread [14].

Extensive efforts carried out currently by MOm to identify and map all important
pupping sites of the Mediterranean monk seal in Greece indicate however the
existence of a much more extensive network of pupping sites/areas throughout the
Aegean Sea. So far 19 pupping areas have been identified in total in Greece, while
several more are expected to be discovered. In regard to the Aegean Sea, these
pupping sites/areas are more or less uniformly distributed throughout the region,
from Mount Athos in the North to the coasts of northern Crete in the South,
including islands such as Agios Efstratios and Psara, several islands in the Cyclades
and the Dodecanese Island complexes and the Island of Kythera (Fig. 6). In Turkey,
a recent field study at the island of Gökҫeada (northeastern Aegean Sea) revealed the
existence of a hitherto unknown breeding nucleus [68]. All the aforementioned
findings underline the importance of the Aegean Sea for the survival of the Medi-
terranean monk seal, as well as the urgent need for effective management and
protection measures.
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Until recently, however, it was unclear if and how monk seal populations in these
areas communicate among them (i.e., through the exchange of individuals and
genes) and if and how the Mediterranean monk seal subpopulation in the Aegean
as a whole is connected with other populations in the region. Recent advances in
molecular biology and conservation genetics have enabled us to gain insights into
these issues.

Using genetic samples from Mediterranean monk seals from the Greek part of the
Aegean and comparing them with genetic information from adjacent areas, but also
with information from Cabo Blanco and Madeira, researchers in Greece have found
that Mediterranean monk seals in the Aegean are genetically depauperate. This
applies to both, the mitochondrial [54] and the nuclear DNA [69] and is likely
associated to the rapid decline of the local monk seal population in the recent past.
This is supported by additional findings of a low effective population size of fewer
than 100 individuals and the simultaneous existence of unexpected population
structure (i.e., one genetic cluster in the North and one population cluster in
the South) in the Aegean monk seal subpopulation (Fig. 7). These facts indicate
that the Aegean monk seal subpopulation was on the verge of extinction before
showing the encouraging signs of recovery it is showing currently. Ongoing genetic
monitoring activities indicate that monk seals currently roam widely throughout the

Fig. 6 Map of the Aegean Sea indicating the name places referenced in the text
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Aegean Sea and beyond, with individuals traveling from the North Aegean genetic
cluster to the Ionian Islands.

5 Conservation Priorities and the Future
of the Mediterranean Monk Seal

As a highly elusive species, the greatest concern regarding the future of the species
and the priorities for its conservation are associated to the collection of accurate
information on the status of the species. Modern technological advancements have
equipped researchers with valuable tools for the close monitoring of the Mediterra-
nean monk seal in Greece. Infrared cameras have enabled the observation of seals in
remote and inaccessible marine caves. The development of increasingly
non-invasive tracking devices is nowadays allowing researchers to follow the
movements of monk seals in their marine habitat. However, the most significant

Fig. 7 Map of Greece indicating the location where 86 Mediterranean monk seals were sampled
(1994–2016) for a nuclear-DNA study and the individual assignment to the three population nuclei
(i.e., Northern Aegean Sea, Southern Aegean Sea, Ionian Sea) identified in the country using
STRUCTURE [69]
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advancements in the study of the species have come from the involvement of the
general public in the collection of information. In Greece in particular, where the
species is widely distributed throughout the countries’ vast coastline and its thou-
sands of islands and islets, the operation of the Hellenic Rescue and Information
Network (RINT) has proved invaluable, not only in monitoring the overall distribu-
tion of the population, but also in identifying important pupping nuclei and in the
subsequent establishment of Marine Protected Areas for the species. The operation
of the RINT has enabled also the location of dead animals and the performance of
necropsies, which are the primary source of information regarding the overall health
status of the Mediterranean monk seal population in Greece. The recent shift in the
public attitude toward this emblematic species of the Mediterranean Sea and the
marine environment, in general, has played a key role in its recovery. A global drive
toward sustainable development and a respect and feeling of responsibility for the
natural environment is a direct result of the increased availability of information and
public awareness campaigns worldwide. Therefore, public awareness and the con-
tinued and intensified involvement of the general public in the collection of infor-
mation and the day-to-day management of the species is considered a major priority
in the successful protection of the Mediterranean monk seal. This is becoming
increasingly important as the Mediterranean monk seal population in Greece
increases and the chances of observing a seal increase as well. In recent years it is
not uncommon to observe monk seals within ports or close to other populated areas.
In autumn 2019 even a birth of a monk seal pup at an open beach was recorded in
Northeastern Crete [MOm, unpublished data] (Fig. 8).

Fig. 8 An adult female monk seal and her pup, Northern Crete, Greece. © P. Dendrinos/MOm
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Mitigating monk seal and fisheries interactions is also considered a conservation
priority for the species. The effective management of fishing in combination with the
establishment of a fair compensation system for coastal fishers will not only increase
food availability for seals and the income of fishers, but it will also reduce the
conflict between the two, while reducing the number of seals killed deliberately and
lost through accidental entanglement [70].

No species can recover unless it is successful at reproducing. The reproduction of
the Mediterranean monk seal at the moment largely depends on the availability of
marine caves free from human disturbance. The systematic monitoring of important
population nuclei and the discovery of new pupping areas of the species should be
combined with the establishment of effectively managed Protected Areas that will
prevent further habitat destruction and loss.

The recovery of the Mediterranean monk seal in Greece and Turkey will inevi-
tably lead to an expansion of its range. This is likely to be reflected in the
re-establishment of the species in areas where it has gone regionally extinct, but
also in an increase in the types of habitats used. There are already numerous
examples of monk seals using open beaches to nurse their young and the species
is expected to start using open beaches once again to give birth. Steps toward a
respectful and sustainable co-existence between humans and monk seals will be
necessary. Additionally, as in the case of the recent re-establishment of the Medi-
terranean monk seal in Cyprus [15], monk seals are expected to start breeding in
other countries in the eastern Mediterranean neighboring Greece and Turkey, such as
Albania, Montenegro, Croatia, Italy, and Israel. This will require a strong network of
international collaborations among these countries to facilitate the exchange of
knowledge and information.

In a species with a slow life cycle, such as the Mediterranean monk seal, the
results of conservation efforts are not always immediately visible. Nowadays, and
after almost 30 years of continuous conservation efforts, the clear signs of the
species’ recovery in the Aegean Sea and throughout the eastern Mediterranean
give hope for a brighter future for this charismatic species and the preservation of
the living myth of the Sirens of the Sea for future generations.
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